The differential diagnosis between benign and malignant adrenal cortical tumors circumscribed to the gland is controversial. One hundred and seven patients with adrenal cortex tumors (excluding those with primary hyperaldosteronism) were studied to assess the 5-year survival rate of adults, children, patients stratified by pathological stage, and patients stratified according to Weiss's score of <3 or >3.
Tumors arising in the adrenal cortex are potentially malignant. In the past, the majority of adrenal neoplasms were discovered as a result of the symptoms caused by the growth of the nonfunctioning tumor (pain, abdominal mass, or metastases) or the clinical picture of the functioning tumor: primary aldosteronism, Cushing's syndrome, virilization, or feminization either alone or in association. At the present time, very small nodules-either asymptomatic (incidentalomas) or oligosymptomatic, for which laparoscopic ablation has shown itself to be a good option especially for benign lesions 1 -are discovered by ultrasonography, computerized tomography (CT), and magnetic resonance imaging (MRI). Tumors not causing symptoms and signs of adrenal overactivity may be biochemically functional, and those patients who from the clinical point of view present Cushing's syndrome or virilization may have excessive production of both glucocorticoids and androgens. The histopathological distinction between benign neoplasia (adenoma) and malignant neoplasia (carcinoma) is very difficult to draw. There is no question but that invasion of surrounding tissue and distant metastases define these neoplasms as carcinomas, but in the absence of these characteristics, the histopathological analysis of the adrenal tumor is controversial and makes use of multiple histopathological criteria suggestive of malignancy, though none of them is pathognomonic [3] [4] [5] . Furthermore, each of the 3 most important reported systems has its particular aspects, and in some cases any one of them characterizes the tumor as benign or indeterminate while another may suggest malignancy 6 . Although the size of the tumor has been advocated as a parameter for surgical removal, because the small ones tend to be benign and the larger malignant 7 , this criterion varies according to the author-6 cm 8 , 4 cm 7 , or 3 cm 9 -demonstrating that there is no unanimity on this subject.
We reviewed our cases of adrenal cortex tumors (excluding those tumors that produced primary hyperaldosteronism) in order to analyze after a 5-year follow up the overall survival rates of adults, children, patients with tumors of pathological stages I, II, III, or IV in accordance with Macfarlane's classification 10 , and patients with tumors scoring 0 to 3 and 4 to 8 on Weiss's scale to verify whether that scale may be used as a prognostic factor. We also studied the correlation between the weight and size of tumors classified between 0 and 3 and 4 and 8 according to Weiss's score to assess a possible significant difference between the weight and size of the 2 groups of tumors.
METHODS

Study subjects
The records of 107 patients treated between 1979 and 1998 were reviewed retrospectively. In 105 of them, the histopathological diagnosis of adrenocortical neoplasia was made in the surgical specimen. The remaining 2 patients did not undergo surgery, and the diagnosis was made on the basis of the clinical picture of Cushing's syndrome with virilization, and Cushing's syndrome associated with feminization in patients with adrenal tumors seen in imaging studies. Ninety-two patients were females, and 15 were males aged between 7 months and 69 years (median age of 29 years). Of these, 29 were below 10 years of age and were included in the group of children. The race distribution was white 95.5%, black 3.3%, and Asian 1.1%.
Clinical picture
The duration of clinical history varied from 18 days to 8 years. Clinically, 40 patients presented Cushing's syndrome, 29 presented virilization, 27 Cushing's syndrome with virilization, 1 Cushing's syndrome with feminization, and 10 nonfunctioning tumors, 3 of which were discovered after work up for nonspecific abdominal pain, and 7 were discovered incidentally.
Hormonal evaluation
The biochemical assessment of the production of glucocorticoids was made by measuring baseline urinary cortisol and serum cortisol before and after the administration of 2 mg of dexamethasone. Androgen production was assessed by measuring serum levels of androstenedione, dehydroepiandrostenedione sulfate, and testosterone. The tumors of patients with a high basal urinary cortisol level or those whose serum cortisol was not depressed by the administration of dexamethasone were considered to be producers of cortisol. The tumors of patients that presented high levels of at least 1 of the hormones were classified as producers of androgens. Of the 40 patients with Cushing's syndrome, 39 (97.5%) had only cortisol-producing tumors, and 1 (2.5%) had a cortisoland androgen-producing tumor. Of the 29 patients with virilization, 27 (93%) had androgen-producing tumors, and 2 (7%) had androgen-and cortisol-producing tumors. Of the 29 patients with mixed clinical syndrome, 28 (96.5%) had androgen-and cortisol-producing tumors, and 1 had a cortisol-and estrogen-producing tumor. Of the patients with clinically nonfunctioning tumors, only 1 (10%) had elevated levels of serum cortisol. In the other patients (90%), glucocorticoids, androgens, and aldosterone were at normal levels.
Imaging studies
Ultrasonography performed on 74 patients detected 82.4% of the primary tumors. CT carried out on 73 patients and MRI on 21 detected 100% of the primary tumors with precision. Nine patients had involvement of the inferior vena cava by tumor thrombi. Ultrasonography revealed tumor thrombi in 37.5% (3 out of 8), CT in 55% (5 out of 9), and MRI in 100% (4 out of 4) of the cases in which the procedure was undertaken. Only 1 patient (0.9%) had bilateral tumors; 47 (44%) had the tumor on the right side, and 54 (55%) had it on the left.
Treatment
One hundred and five patients underwent surgery. The other 2 were not candidates because they presented severe respiratory insufficiency, 1 of them with tumoral extension into the inferior vena cava and pulmonary metastases. The tumors of up to 5 cm in the imaging studies were removed by lumbotomy with resection of the 11th rib, and those of more than 5 cm were removed by thoracophrenolaparotomy. Seventy-one adrenalectomies alone; 22 adrenalectomies with nephrectomies; 8 adrenalectomies with nephrectomies and splenectomy; 1 adrenalectomy with nephrectomy, splenectomy, and caudal pancreatectomy; and 3 adrenal-ectomies with nephrectomies and partial (right) hepatectomy were performed. Only enlarged or suspected lymph nodes were removed. No routine lymphadenectomies were performed.
Pathological findings
The weights of the tumors were available in 68 cases, varying from 4 g to 2600 g (average 249 + 454 g). Eighty-one tumors were measured, and their sizes varied from 1.4 cm to 30 cm (average 6.8 + 51 cm). The pathological stage was available for 95 cases: 45 patients having stage 1 (up to 5 cm within the capsule), 33 patients stage II (more than 5 cm within the capsule), 3 patients stage III (any size with extracapsular extension, invasion of blood vessels, or nodes), and 24 patients stage IV (distant metastases). Finally, the slides were re-assessed by one and the same pathologist (MCZ); the tumors were classified according to Weiss's criteria 3 , which comprise 9 parameters (nuclear grade, mitotic rate, atypical mitosis, character of cytoplasm, architecture of tumor cells, necrosis, invasion of venous structures, invasion of sinusoid structures, and invasion of the capsule of tumor); and the cases were divided into 2 groups: Weiss's score 0 to 3 and scores greater than 3. The 22 patients with metastases who underwent surgery (2 others did not) received some kind of chemotherapy: preoperative mitotane (7 patients), postoperative mitotane (18 patients), and postoperative cisplatin with etoposide (9 patients). Of these 22 patients, only 1 (a black woman) achieved complete response with total disappearance of pulmonary and hepatic metastases after undergoing adrenalectomy with nephrectomy and caudal pancreatectomy followed by chemotherapy using mitotane. The postoperative exams showed a tumor thrombus in the inferior vena cava that had not been seen or withdrawn during the operation and was later removed during a second operation. This patient was found free of disease at an 8-year follow-up exam.
Statistical analysis
Survival periods were estimated from the time of treatment and were calculated using the product-limit method of Kaplan and Meyer 11 . Comparisons with respect to weight and size of the tumors were performed with the Mann-Whitney nonparametric test 12 . All reported P values are 2-tailed. P values of less than 0.05 were taken to indicate statistically significant differences.
RESULTS
There were no deaths in the immediate postoperative period. The patients were followed up over a period of 6 months to 240 months, and 49 of them could be evaluated after a 5-year period. After 5 years, 77.5% of the whole group was alive, with the 84.3% survival rate of the children exceeding the 74.61% of the adults (Fig. 1) . Survival rates after 5 years were stage I patients, 100%; stage II, 83.96%; stage III, 33%; and stage IV, 11.17% (1 patient) (Fig. 2) . After 5 years, 100% of the patients with Weiss's scores of <3 were alive compared to 61.65% of those with Weiss's score of 4 to 8 (Fig.  3) . The weight of 39 tumors with Weiss's scores of 0 to 3 varied from 2.5 g to 190 g, with an average of 23.38 ± 41.36 g and a median weight of 12 g, whereas the weight of 31 tumors with Weiss's scores of 4 to 8 varied from 4 g to 2600 g with an average of 376.13 ± 538.76 g and a median weight of 160 g, with a statistically significant difference between the groups (P <0.0001) (Fig. 4) . The size of 39 tumors with Weiss's scores of from 0 to 3 was 1 cm to 13 cm, with an average of 3.67 ± 2.2 cm and a median size of 3 cm. The size of 47 tumors with Weiss's scores of 4 to 8 varied from 1.5 cm to 30 cm with an average of 9.64 ± 5.8 cm and a median size of 9 cm, with a statistically significant difference between the 2 groups (P <0.0001) (Fig. 5) .
DISCUSSION
The normal adrenal cortex and the adrenal tumor secrete 3 main groups of hormones: mineralocorticoids, glucocorticoids, and sexual hormones children, all group, and adults.
than 5 cm 22 , there have been cases of tumors 3 cm long 23 or 40 g in weight 24 that produced metastases and were therefore correctly classified as carcinomas. It should be noted that in the study mentioned above, the 40 g tumor was initially classified incorrectly based on its histology as an adenoma 24 . Neither does the functional status serve as a prognostic factor, because patients with both functioning and nonfunctioning carcinomas had similar survival curves 21, 25 . Although the 24-hour urinary free cortisol and serum lactate dehydrogenase levels tended to be higher among patients with carcinoma and Cushing's syndrome, no significant statistical difference was found when comparing adenomas and carcinomas 16 . Helicoidal computerized tomography provides acceptable sensitivity and specificity in the differentiation between adenomas and nonadenomas, but the lack of long-term follow up leads to the possible persistence of diagnostic error 26 . The same may be said of scintigraphy with selenium cholesterol 13 . In this study, all the patients with tumors in the adrenal cortex-excluding those with primary aldosteronism-that had Weiss's scores of less than 4 at the histopathological examination of the adrenal tumor tissue were still alive after 5 years of follow up; thus the tumors behaved benignly as if they were true adenomas. On the other hand, the survival curve of patients having tumors with Weiss's scores of 4 to 8 fell over time, suggesting possible malignant behavior for this group. Another interesting aspect is that there was a statistically significant difference between the sizes and weights of the tumors with Weiss's scores of less than 4 (which behave benignly) and of those with Weiss's scores of 4 to 8 (which behave with apparent malignancy), thus supporting the idea that even small non-functioning tumors should be considered for laparoscopic removal (androgens and estrogens). The tumors of the glomerulosa zone, which is physiologically responsible for aldosterone synthesis, behave differently from cortical tumors: usually they are small and functioning 13 and are rarely malignant 14, 15 . On the other hand, cortical tumors may frequently be nonfunctioning, as is true of the incidentalomas 17 , and more often than the aldosterone-producing tumors may behave malignantly 16 . For these reasons, adrenocortical tumors that produce only aldosterone and which virtually always have excellent prognosis 15 have been excluded from this series. The other adrenocortical tumors were also studied together without separation into the so-called adenomas and carcinomas, because it is often difficult or even impossible to make a differential diagnosis for neoplasms limited to the adrenal gland 6, [18] [19] [20] due to the nonuniform criteria 4, 5 , which are not given in detail even in recent publications 13, 16, 21 . Weight and size have already been related to prognosis; however, although it has been affirmed that the majority of the adenomas weigh less than 50 g and measure less because of the slight possibility of being malignant 1 . As has already been reported 20 , the children in this study survived longer on average than the adults. The 5-year survival rate of 61.65% for our patients with Weiss's scores of from 4 to 8 was considerably greater than that of the 26% to 36% reported in contemporary reviews of patients with carcinoma of the adrenal cortex 21, 27 , probably because the unmentioned criteria for the definition of malignancy were different. As was to be expected, the 5-year survival rates for stage I (100%) and stage II (83.9%) patients who had tumors circumscribed to the adrenal gland were considerably greater than those with stage III (33.3%) and stage IV (11.17%) tumors, which were certainly carcinomas. As others have reported 28 , no standardized lymphadenectomy was performed (only enlarged and suspected lymph nodes were removed), so the pathological staging in I and II may not have been perfect. This may not have influenced the outcome because lymphadenectomy has not been shown to improve survival or decrease recurrence 27 . 
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